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(54) Supplemental seal for the chordal hinge seals in a gas turbine 



(57) In a gas turbine having a chordal hinge seal (46) 
between an inner rail (52) of each nozzle segment and 
an annular axially facing sealing surface (54) of a nozzle 
support ring (44), a flexible supplemental seal (70) is 
disposed between the support ring and inner band (52) 
of the nozzle segment radially inwardly of the chordal 
hinge seal. To minimize or prevent leakage flow across 



the chordal hinge seal, the flexible seal extends be- 
tween the inner rail and the sealing surface of the sup- 
port ring radially inwardly of the chordal hinge seal. A 
first margin (74) of the flexible seal engages in a linear 
groove carried by the inner rail. The opposite margin 
(78) extends arcuately in sealing engagement with the 
nozzle support ring. 
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Description 

[0001 ] The present invention relates to seals in a gas 
turbine for supplementing the chordal hinge seals be- 
tween turbine nozzles and a turbine nozzle support ring 
and particularly relates to supplementary seals for sub- 
stantially minimizing or eliminating leakage losses past 
the chordal hinge seals. 

[0002] In a gas turbine, hot gases of combustion flow 
from combustors through first-stage nozzles and buck- 
ets and through the nozzles and buckets of follow-on 
turbine stages. The first-stage nozzles typically include 
an annular array or assemblage of cast nozzle seg- 
ments each containing one or more nozzle stator vanes 
per segment. Each first-stage nozzle segment also in- 
cludes inner and outer band portions spaced radially 
from one another. Upon assembly of the nozzle seg- 
ments, the stator vanes are circumferentially spaced 
from one another to form an annular array thereof be- 
tween annular inner and outer bands. A nozzle retaining 
ring coupled to the outer band of the first-stage nozzles 
supports the first-stage nozzles in the gas flow path of 
the turbine. An annular nozzle support ring, preferably 
split at a horizontal midline, is engaged by the inner band 
and supports the first-stage nozzles against axial move- 
ment. 

[0003] In an exemplary arrangement, eighteen cast 
segments are provided with two vanes per segment. 
The annular array of segments are sealed one to the 
other along adjoining circumferential edges by side 
seals. The side seals seal between a high pressure re- 
gion radially inwardly of the inner band, i.e., compressor 
discharge air at high pressure, and the hot gases of 
combustion in the hot gas flow path which are at a lower 
pressure. 

[0004] Chordal hinge seals are used to seal between 
the inner band of the first-stage nozzles and an axially 
facing surface of the nozzle support ring. Each chordal 
hinge seal includes an axial projection which extends 
linearly along a chord line of the inner band portion of 
each nozzle segment. Particularly, the chordal hinge 
seal extends along an inner rail of each segment and 
which rail extends radially inwardly of the inner band 
portion. The chordal hinge seal projection lies in sealing 
engagement with the axially opposite facing sealing sur- 
face of the nozzle support ring. 
[0005] During operation and/or repair of the first- 
stage nozzle, it has been found that warpage can leave 
gaps between the chordal hinge seals and the sealing 
surface of the nozzle support ring. These gaps enable 
leakage past the chordal hinge seals from the high pres- 
sure area radially within the annular inner band into the 
hot gas flow path. That is, the chordal hinge seals are 
inadequate to prevent leakage flow as the chordal hinge 
seal projections lose contact with the sealing surface of 
the nozzle support ring. Consequently, there is a need 
for a supplemental seal at the interface of the first-stage 
nozzles and nozzle support ring to minimize or eliminate 



the leakage flow past the chordal hinge seals. 
[0006] In accordance with a preferred embodiment of 
the present invention, there is provided a supplemental 
seal between the first-stage nozzles and the nozzle sup- 
s port ring which eliminates or minimizes leakage past the 
chordal hinge seals. The supplemental seal includes a 
flexible, preferably sheet metal seal secured between 
the inner rail of each nozzle segment and the sealing 
surface of the nozzle support ring on the high pressure 
10 side of the chordal hinge seal. Particularly, the supple- 
mental seal has a first margin which is sealingly en- 
gaged in a groove formed along an inner chordal surface 
of the inner rail and a second margin which has an ar- 
cuate configuration projecting axially toward and for 
15 sealing engagement against the sealing surface of the 
nozzle support ring. The first margin of the supplemental 
seal received in the groove is bent or folded to bear in 
sealing engagement against a surface, preferably the 
base of the groove to preclude leakage past the seal at 
the groove. To retain the margin of the supplemental 
sheet metal seal in the groove, an elongated strip is se- 
cured to the flexible seal linearly along its first margin. 
The groove has a flange and the strip includes an op- 
posing, overlapping flange which retains the flexible 
seal against radial dislocation from the groove. Prefer- 
ably, a second elongated strip is provided along the op- 
posite side of the first margin from the first strip to locate 
the edge of the strip centrally within the groove of the 
inner rail. 

[0007] The second or opposite margin of the supple- 
mental seal includes an edge which bears against the 
sealing surface of the nozzle support ring. The second 
margin is arcuate about the axis of the rotor. The sup- 
plemental seal thus seals directly between the high 
pressure region and regions radially outwardly of the 
supplemental seal, including the chordal hinge seal. 
Thus, leakage flow past the chordal hinge seal is mini- 
mized or eliminated as a result of the sealing margins 
of the supplemental seal against the inner rail and the 
nozzle support ring. Preferably, the supplemental seal 
has a linear first margin such that the first margin can 
be disposed along a chord line within the groove along 
the inner surface of the inner rail. The opposite edges 
of the supplemental seal may overlap with one another 
to form inter-segment seals. 

[0008] In a preferred embodiment according to the 
present invention, there is provided a turbine comprising 
a turbine nozzle support ring having a generally axially 
facing first surface, a turbine nozzle segment having at 
least one stator vane and including an inner band car- 
rying an inner rail, the inner rail having a second surface 
in axial opposition to the first surface, one of the first and 
second surfaces including an axially extending projec- 
tion therealong for engagement with another of the first 
and second surfaces to form a first seal therebetween 
sealing between high and low pressure regions on op- 
posite sides of the seal and a flexible supplemental seal 
extending between the inner rail and the first surface at 
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a location radially inwardly of the first seal and between 
at least opposite end edges of the segment, a first mar- 
gin of the flexible seal being secured to the inner rail and 
a second margin of the flexible seal sealingly engagea- 
ble with the first surface. 

[0009] In a further preferred embodiment according to 
the present invention, there is provided a gas turbine 
comprising a turbine nozzle support ring having a gen- 
erally axially facing first surface, a plurality of turbine 
nozzle segments each having at least one stator vane 
and an inner rail, the inner rails of the segments forming 
a generally annular second surface in axial opposition 
to the first surface, each of the segments including an 
axially extending projection along the second surface 
thereof for engagement with the first surface to form a 
first seal therebetween sealing between high and low 
pressure regions on opposite sides of the seal, a plural- 
ity of flexible supplemental seal segments extending be- 
tween the inner rails and the first surface at locations 
radially inwardly of the first seal, each flexible seal seg- 
ment having a first margin secured to the inner rails of 
at least two adjoining segments and spanning at least 
the joint therebetween, a second margin of each flexible 
seal segment sealingly engageable with the first surface 
in response to leakage flow past the first seal. 
[0010] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

FIGURE 1 is a fragmentary schematic side eleva- 
tional view of a portion of a gas turbine; 

FIGURE 2 is an enlarged fragmentary cross-sec- 
tional view illustrating a conventional chordal seal 
hinge; 

FIGURE 3 is a fragmentary perspective view illus- 
trating a portion of a conventional chordal hinge 
seal along an inner rail of a nozzle segment; 

FIGURE 4 is a fragmentary perspective view with 
parts in cross-section illustrating the conventional 
chordal hinge seal in sealing engagement with a 
nozzle support ring of the gas turbine; 

FIGURE 5 is an enlarged cross-sectional view illus- 
trating a chordal hinge seal and a supplemental seal 
in accordance with a preferred embodiment of the 
present invention; 

FIGURE 6 is a perspective view illustrating the flex- 
ible seal between the inner rail of the segment and 
a sealing surface of the nozzle support ring; 

FIGURE 7 is an enlarged fragmentary perspective 
view illustrating the first margin of the supplemental 
seal in the groove along the inner rail; and 



FIGURE 8 is a perspective view illustrating the inner 
rail with the supplemental seal depending there- 
from. 

5 [001 1] Referring now to Figure 1 , there is illustrated a 
representative example of a turbine section of a gas tur- 
bine, generally designated 10. Turbine 10 receives hot 
gases of combustion from an annular array of combus- 
tors, not shown, which transmit the hot gases through a 

10 transition piece 1 2 for flow along an annular hot gas path 
14. Turbine stages are disposed along the hot gas path 
1 4. Each stage comprises a plurality of circumferentially 
spaced buckets mounted on and forming part of the tur- 
bine rotor and a plurality of circumferentially spaced sta- 

15 tor vanes forming an annular array of nozzles. For ex- 
ample, the first stage includes a plurality of circumfer- 
ential ly-spaced buckets 16 mounted on a first-stage ro- 
tor wheel 18 and a plurality of circumferentially-spaced 
stator vanes 20. Similarly, the second stage includes a 

20 plurality of buckets 22 mounted on a rotor wheel 24 and 
a plurality of circumferentially-spaced stator vanes 26. 
Additional stages may be provided, for example, a third 
stage comprised of a plurality of circumferentially- 
spaced buckets 28 mounted on a third-stage rotor wheel 

25 30 and a plurality of circumferentially-spaced stator 
vanes 32. It will be appreciated that the stator vanes 20, 
26 and 32 are mounted on and fixed to a turbine casing, 
while the buckets 16, 22 and 28 and wheels 18, 24 and 
30 form part of the turbine rotor. Between the rotor 

30 wheels are spacers 34 and 36 which also form part of 
the turbine rotor. It will be appreciated that compressor 
discharge air is located in a region 37 disposed radially 
inwardly of the first stage and that such air in region 37 
is at a higher pressure than the pressure of the hot gases 

35 flowing along the hot gas path 14. 

[0012] Referring to the first stage of the turbine, the 
stator vanes 20 forming the first-stage nozzles are dis- 
posed between inner and outer bands 38 and 40, re- 
spectively, supported from the turbine casing. As noted 

40 above, the nozzles of the first stage are formed of a plu- 
rality of nozzle segments 41 (Figure 3) each mounting 
one, preferably two, stator vanes extending between in- 
ner and outer band portions and arranged in an annular 
array of segments. A nozzle retaining ring 42 connected 

45 to the turbine casing is coupled to the outer band and 
secures the first-stage nozzle. A nozzle support ring 44 
radially inwardly of the inner band 38 of the first-stage 
nozzles engages the inner band 38. Particularly, the in- 
terface between the inner band 38 and the nozzle sup- 

50 port ring 44 includes an inner rail 52 (Figure 2). The inner 
rail 52 includes a chord-wise, linearly extending axial 
projection 48, generally and collectively hereinafter re- 
ferred to as a chordal hinge seal 46. Projection 48 ex- 
tends along an axial facing surface 50 of the inner rail 

55 52 which forms an integral part of each nozzle segment 
and specifically the inner band 38. The projection 48 en- 
gages a first annular surface 54 of the nozzle support 
ring 44. It will be appreciated that high pressure com- 
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pressor discharge air lies in the region 37 and lower 
pressure hot gases flowing in the hot gas path 1 4 lie on 
the opposite side of the seal 48. The chordal hinge seal 
46 thus is intended to seal against leakage from the high 
pressure region 37 into the lower pressure region of the 
hot gas path 14. 

[0013] As noted previously, however, In operation, 
component parts of the nozzles and nozzle support ring 
will tend to form leakage gaps between the projection 
48 and the surface 54 of the nozzle support ring 44 
whereby leakage flow may occur from the high pressure 
region to the low pressure region. In order to minimize 
or prevent leakage flow into the hot gas path 14, and in 
accordance with a preferred embodiment of the present 
invention, there is provided a supplemental seal for seal- 
ing between the first-stage nozzles and the nozzle sup- 
port ring 44. The supplemental seal, generally designat- 
ed 70, includes a seal body 72 preferably formed of 
sheet metal having a first margin 74 for engaging within 
a groove 76 (Figure 7) formed along a radial inner sur- 
face 73 of the inner rail 52 of each segment. Seal 70 
also includes a second margin 78 along an opposite side 
thereof for engaging the sealing surface 54 of the nozzle 
support ring 44. As illustrated in Figure 5, the supple- 
mental seal 70 lies radially inwardly of the chordal hinge 
seal 46, including the projection 48, and thus seals be- 
tween the high pressure region 37 and the downstream 
region on the opposite side of the seal, including the 
chordal hinge seal. 

[0014] The supplemental seal 70 is provided in seg- 
ments corresponding to the number of nozzle seg- 
ments. The first margin of the supplemental seal ex- 
tends in a chord-wise direction for insertion within the 
linear groove 76 of the inner rail 52. More particularly, 
the inner margin 74 of supplemental seal 70 includes an 
edge 80 (Figure 7) which is bent or folded over to bear 
against a surface of the groove 76, preferably the base 
of the groove, to seal against passage of a fluid, e.g., 
air, from one side of the seal to the opposite side along 
the groove. 

[0015] To retain the flexible seal 70 in the groove 76, 
at least one elongated strip of metal 82 is secured, for 
example, by welding, along one side of the first margin 
74 of the sheet metal seal 70. The elongated strip in- 
cludes a flange 84 which cooperates with the flange 75 
formed in the groove 76 to retain the first margin 74 of 
the supplemental seal within the groove 76. Preferably, 
an elongated metal strip 86 is likewise secured along 
the opposite side of the margin from the first strip 82, 
thus locating the margin 74 of the flexible sheet metal 
seal essentially within the linear groove 76. 
[0016] The opposite or second arcuate margin 78 of 
the supplemental seal bears against the annular sealing 
surface 54 of the nozzle support ring 44. The second 
margin 78 extends arcuately about the axis of the rotor. 
Additionally, the supplemental seal 70 is preloaded or 
biased such that the second margin 78 bears against 
the sealing surface 54 of the nozzle support ring 44. In 



addition, because the seal 70 is exposed to the high 
pressure region 37, the sheet metal seal 70 is also bi- 
ased into engagement with the nozzle support ring due 
to the pressure difference on opposite sides of the seal 
5 70. 

[0017] In use, it will be appreciated that the supple- 
mental flexible seal 70 lies radially inboard of the chordal 
hinge seal 46 and extends between the chord-wise ex- 
tending, radially innermost surface of the inner rail 52 
10 and the annular sealing surface 54 of the nozzle support 
ring 44. Thus, any leakage flow past the supplemental 
seal 70 encounters the chordal hinge seal 46 at a lower 
pressure. Thus, the pressure difference across the 
chordal hinge seal is minimized, reducing any leakage 
is flow. Preferably, the supplemental seal 70 is provided 
for each nozzle segment. The adjacent ends of seals 70 
formed on adjacent nozzles may overlap one another, 
however, providing effective inter-segment supplemen- 
tal seals at the joint between adjacent segment. 
[001 8] For the sake of good order, various aspects of 
the invention are set out in the following clauses:- 

1 . A turbine comprising: 

a turbine nozzle support ring (44) having a gen- 
erally axially facing first surface (52); 
a turbine nozzle segment having at least one 
stator vane (20) and including an inner band 
(38) carrying an inner rail (52), said inner rail 
having a second surface (50) in axial opposition 
to said first surface; 

one of said first and second surfaces including 
an axially extending projection (48) therealong 
for engagement with another of said first and 
second surfaces to form a first seal (46) there- 
between sealing between high and low pres- 
sure regions (37, 14) on opposite sides of said 
seal; and 

a flexible supplemental seal (70) extending be- 
tween said inner rail (52) and said first surface 
at a location radially inwardly of said first seal 
and between at least opposite end edges of 
said segment, a first margin (74) of said flexible 
seal being secured to said inner rail and a sec- 
ond margin (78) of said flexible seal sealingly 
engageable with said first surface. 

2. A turbine according to Clause 1 wherein said sec- 
ond margin (78) of said flexible seal is arcuate in a 
circumferential direction about an axis of the tur- 
bine. 

3. A turbine according to Clause 2 wherein said first 
margin (74) extends linearly generally along a chord 
line of said inner rail. 

4. A turbine according to Clause 1 wherein said flex- 
ible seal comprises sheet metal. 
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5. A turbine according to Clause 1 including a 
groove (76) formed in said inner rail, said flexible 
seal being formed of sheet metal and said first mar- 
gin (74) of said flexible seal including an edge (80) 

of said sheet metal bent to sealingly engage a sur- 5 
face of said groove. 

6. A turbine according to Clause 5 wherein said bent 
sheet metal edge engages a base of said groove. 

10 

7. A turbine according to Clause 6 wherein said 
groove and said first margin extend linearly gener- 
ally along a chord line of the inner rail and said sec- 
ond margin extends arcuately about an axis of the 
turbine. 15 

8. A turbine according to Clause 1 including a 
groove (76) formed in said inner rail (52), said flex- 
ible seal (70) being formed of sheet metal, an elon- 
gated first strip (82) secured to said flexible seal 20 
along said first margin thereof and engaging within 
said groove to retain said flexible seal in said 
groove. 

9. A turbine according to Clause 8 including an elon- 25 
gated second strip (86) secured to said flexible seal 
along an opposite side of said first margin from said 
first strip and engaging within said groove to retain 
said flexible seal in said groove. 

30 

10. A turbine according to Clause 8 wherein said 
first margin includes an edge (80) of said sheet met- 
al bent to sealingly engage a surface of said groove. 

1 1 . A turbine according to Clause 1 0 wherein said 35 
bent edge (80) extends into said groove beyond 
said strips and sealingly engages a base of said 
groove. 

12. A turbine according to Clause 1 wherein said 40 
flexible seal is preloaded to sealingly engage said 
first surface. 



the seal; 

a plurality of flexible supplemental seal seg- 
ments (70) extending between said inner rails (52) 
and said first surface (54) at locations radially in- 
wardly of said first seal, each flexible seal segment 
having a first margin (74) secured to the inner rails 
of at least two adjoining segments and spanning at 
least the joint therebetween, a second margin (78) 
of each said flexible seal segment sealingly en- 
gageable with said first surface in response to leak- 
age flow past said first seal. 

14. A turbine according to Clause 13 wherein said 
axially extending projection (48) along each of said 
nozzle segments extends along a chord line of each 
said segment. 

15. A turbine according to Clause 12 wherein said 
first margins (74) of said flexible seal segments form 
an annulus about an axis of the turbine. 

1 6. A turbine according to Clause 1 2 wherein each 
of said flexible seal segments comprises sheet met- 
al. 

17. A turbine according to Clause 12 including a 
groove (76) formed in said inner rail of each nozzle 
segment, said flexible seal segments being formed 
of sheet metal and having said first margins (74) in- 
cluding an edge (80) thereof bent to sealingly en- 
gage a surface of each of said grooves. 

18. A turbine according to Clause 13 wherein said 
flexible seal is preloaded to sealingly engage said 
first surface. 

19. A turbine according to Clause 17 wherein said 
axially extending projection along each of said noz- 
zle segments extends along a chord line of each 
said segment, said first margins of said flexible seal 
segments forming an annulus about an axis of the 
turbine. 



13. A gas turbine comprising: 

a turbine nozzle support ring (44) having a gen- 
erally axially facing first surface (54); 

a plurality of turbine nozzle segments (41) each 
having at least one stator 

vane (20) and an inner rail (52), said inner rails 
of said segments forming a generally annular sec- 
ond surface (50) in axial opposition to said first sur- 
face, each of said segments including an axially ex- 
tending projection (48) along said second surface 
thereof for engagement with said first surface to 
form a first seal (46) therebetween sealing between 
high and low pressure regions on opposite sides of 



20. A turbine according to Clause 17 wherein each 
45 of said flexible seal segments comprises sheet met- 
al. 

21. A turbine according to Clause 13 wherein said 
axially extending projection (48) along each of said 

so nozzle segments extends along a chord line of each 
said segment, said first margins (74) of said flexible 
seal segments forming an annulus about an axis of 
the turbine. 

55 

Claims 

1 . A turbine comprising: 
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a turbine nozzle support ring (44) having a gen- 
erally axially facing first surface (52); 
a turbine nozzle segment having at least one 
stator vane (20) and including an inner band 
(38) carrying an inner rail (52), said inner rail 5 
having a second surface (50) in axial opposition 
to said first surface; 

one of said first and second surfaces including 
an axially extending projection (48) therealong 
for engagement with another of said first and 10 
second surfaces to form a first seal (46) there- 
between sealing between high and low pres- 
sure regions (37, 14) on opposite sides of said 
seal; and 

a flexible supplemental seal (70) extending be- 15 
tween said inner rail (52) and said first surface 
at a location radially inwardly of said first seal 
and between at least opposite end edges of 
said segment, a first margin (74) of said flexible 
seal being secured to said inner rail and a sec- 20 
ond margin (78) of said flexible seal sealingly 
engageable with said first surface. 

2. A turbine according to Claim 1 wherein said second 
margin (78) of said flexible seal is arcuate in a cir- 25 
cumferential direction about an axis of the turbine. 

3. A turbine according to Claim 1 or 2 wherein said 
flexible seal comprises sheet metal. 

30 

4. A turbine according to Claim 1 , 2 or 3 including a 
groove (76) formed in said inner rail, said flexible 
sea! being formed of sheet metal and said first mar- 
gin (74) of said flexible seal including an edge (80) 

of said sheet metal bent to sealingly engage a sur- 35 
face of said groove. 



ond surface (50) in axial opposition to said first sur- 
face, each of said segments including an axially ex- 
tending projection (48) along said second surface 
thereof for engagement with said first surface to 
form a first seal (46) therebetween sealing between 
high and low pressure regions on opposite sides of 
the seal; 

a plurality of flexible supplemental seal seg- 
ments (70) extending between said inner rails (52) 
and said first surface (54) at locations radially in- . 
wardly of said first seal, each flexible seal segment 
having a first margin (74) secured to the inner rails 
of at least two adjoining segments and spanning at 
least the joint therebetween, a second margin (78) 
of each said flexible seal segment sealingly en- 
gageable with said first surface in response to leak- 
age flow past said first seal. 

8. A turbine according to Claim 7 wherein said axially 
extending projection (48) along each of said nozzle 
segments extends along a chord line of each said 
segment. 

9. A turbine according to Claim 8 wherein said first 
margins (74) of said flexible seal segments form an 
annuius about an axis of the turbine. 

10. A turbine according to Claim 7, 8 or 9 wherein said 
flexible seal is preloaded to sealingly engage said 
first surface. 



5. A turbine according to Claim 1 , 2 or 3 including a 
groove (76) formed in said inner rail (52), said flex- 
ible seal (70) being formed of sheet metal, an elon- *o 
gated first strip (82) secured to said flexible seal 
along said first margin thereof and engaging within 
said groove to retain said flexible seal in said 
groove. 

45 

6. A turbine according to any preceding Claim wherein 
said flexible seal is preloaded to sealingly engage 
said first surface. 

7. A gas turbine comprising: 50 

a turbine nozzle support ring (44) having a gen- 
erally axially facing first surface (54); 

a plurality of turbine nozzle segments (41) 55 
each having at least one stator 

vane (20) and an inner rail (52), said inner rails 
of said segments forming a generally annular sec- 
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Fig. 7 
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